ABSTRACr A study of the health of 78 workers in an iron and steel foundry in Vancouver, British Columbia, was carried out and the results compared with those found in 372 railway repair yard workers who were not significantly exposed to air contaminants at work. The foundry workers were exposed to PepSet, which consists of diphenyl methane diisocyanate (MDI) and phenol formaldehyde and their decomposition products as well as to silica containing particulates. A questionnaire was administered by trained interviewers, and chest radiography, allergy skin tests, pulmonary function tests, and methacholine inhalation tests were carried out as well as measurement levels of dust and MDI. Compared with the controls, the foundry workers had more respiratory symptoms and a significantly lower mean FEV, and FEF2,-,,% after adjustments had been made for differences in age, height, and smoking habit. Three workers (4.8%) had radiographic evidence of pneumoconiosis and 12 (18-2%) had asthma defined as presence of bronchial hyperreactivity, cough, and additional respiratory symptoms such as wheeze, chest tightness, or breathlessness. Sensitisation to MDI is probably the cause of asthma in these workers.
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After several workers in a foundry in Vancouver had been admitted to hospital with acute dyspnoea in the previous six months, the labour union requested the occupational diseases research unit of the University of British Columbia to conduct a health study in 1981 . The foundry housed all operations within one building including metal melting, mould and core making, pouring of molten metal into moulds, shaking out casts from moulds, and grinding of irregularities from casts. The workers were exposed to several air contaminants including sand containing silica, metal dust, and chemicals used as binders for mould and core making, as well as a variety of gaseous emissions derived from the thermal decomposition of the chemical binders. The latter included carbon monoxide, carbon dioxide, hydrocarbons, carbonyl sulphide, hydrogen sulphide, sulphur dioxide, phenols, benzene, toluene, metaxylene, orthoxylene, naphthalene, formal-*Present address: City Hospital, Department of Medicine, University of Edinburgh, Edinburgh, UK. other binders. In addition to the workers admitted to hospital because of acute dyspnoea several workers complained of sore throat, eye and nose irritation, and headache.
Materials
All 78 workers in the foundry participated in the study and all gave written consent. Since they worked inside one building they were exposed to a certain extent to all the air contaminants in the foundry. As controls, we studied 372 railway yard repair workers in Squamish, British Columbia, representing 95% of the work force. These workers Respiratory abnormalities among workers in an iron and steel foundry were not significantly exposed to air contaminants as determined by environmental measurements during the health study. The 16 (20.5%) non-whites among the foundry workers and 42 (11-3%) among the controls were excluded from the analysis because of racial differences in lung function; 20 women from the control group were also excluded. The railway yard repair workers were chosen as they were blue collar workers with a socioeconomic status similar to that of the foundry workers.
Methods

HEALTH STUDY
The health study was Table 1 shows the characteristics of the foundry workers and the controls. The foundry workers were older, slightly shorter, and had been employed for workers and the controls were statistically significant. Among non-smokers and ex-smokers, the prevalence of most of the respiratory symptoms, though higher in the foundry workers than the controls, failed to reach statistical significance. Among current smokers, all the chest symptoms except cough and wheeze were significantly more common among the foundry workers. As expected, current smokers had a significantly higher prevalence of all chest symptoms than non-smokers irrespective of the work group.
Results
CHARACTERISTICS OF WORKERS
PREVALENCE OF PHYSICAL SIGNS
The prevalence of wet cough was significantly higher among the foundry workers than the controls (20.5% v 9-5% respectively). The prevalence of rales and rhonchi was also higher among the foundry workers than the controls but this difference was not statistically significant.
PULMONARY FUNCTION TESTS
The effects of age, height, exposure, smoking, and duration of employment were examined by analysis of covariance; the results are shown in table 3. As expected age, height, and smoking significantly affected lung function. Work exposure in the foundry also significantly influenced lung function but the duration of employment did not, after adjustment for age. (see table 3 for statistical analysis). Measurements of subdivisions of lung volume and diffusing capacity were carried'out only on the foundry workers and the results were all within normal limits using prediction equations derived from published reports.8 9
METHACHOLINE CHALLENGE TEST
The data from non-whites have been included in table 5 which shows the results of the methacholine challenge test. We have arbitrarily taken a methacholine PC20 > 8 mg/ml as normal and a PC20 S 8 mg/ml as an indication of the presence of hyperreactive airways. Using this criterion, 19-7% of the foundry workers had evidence of bronchial hyperreactivity; current smokers had a higher prevalence of bronchial hyperreactivity than non-smokers (31.8% v 9-7% respectively). The results were essentially similar when non-whites were excluded from the analysis.
All the workers with bronchial hyperreactivity with the exception of one non-smoking non-white, had one or more respiratory symptoms. Among the whites, the results of the lung function tests of those with bronchial hyperreactivity were significantly lower than those without bronchial hyperreactivity after adjustment had been made for age, height, and smoking. 
Discussion
In this study we have found that foundry workers as a group had a higher prevalence of almost all respiratory symptoms and chronic bronchitis than a group of controls; their mean FEV, and FEF2-575% were also significantly lower than the controls after adjustments had been made for differences in age, height, and smoking habit. In any study of occupational health it is difficult to find a control group matched perfectly for all factors except exposure at work and so the differences observed between the two groups could possibly be due to the railway yard workers being particularly healthy. We compared the results of the lung function tests of the railway workers with a group of 136 workers employed by the City Hall of Vancouver and were unable to find any significant differences in lung function between the railway yard workers and the City Hall workers which would indicate that the railway yard workers are particularly healthy.
While cigarette smoking, as expected, adversely affected the lung function of the workers in both groups, exposure to air contaminants in the foundry also significantly impaired lung function. That the duration of employment had no significant effect on the lung function of the foundry workers is because age and duration of employment are highly correlated. In the analysis of covariance age and an age square term were entered as independent variables; after adjusting for these two variables, the effect of duration of employment became no longer significant.
The health hazards arising from exposure of diisocyanates particularly to toluene diisocyanate (TDI) have been widely studied during the past decade as they are being increasingly used in industry. Exposure to high concentrations of TDI gives rise to acute irritation of the skin, eyes, and respiratory tract and chemical bronchitis and bronchopneumonia may also occur." Long term exposure to low concentrations of TDI (<0-02 ppm) has given rise to impairments of lung function'2-'5 and typical attacks of bronchial asthma '6-20 and hypersensitivity pneumonitis20 due to TDI exposure have also been reported. MDI, one of the components of PepSet, is the second most commonly used isocyanate and it has been thought to be less harmful than TDI because of its low vapour pressure. Nevertheless, inhalation of droplets or vapours of MDI has given rise to respiratory irritation and sometimes asthmatic attacks" [21] [22] [23] and hypersensitivity pneumonitis due to MDI exposure has also been reported.2324 The other component of PepSet is phenol formaldehyde. Formaldehyde is a known irritant to skin and the respiratory tract. It has given rise to asthma in exposed workers and, typically, late asthmatic reactions have been induced on inhalation challenge. 25 In this study if one defines asthma as the presence of bronchial hyperreactivity (methacholine PC20 s 8 mg/ml) together with cough and one of the following symptoms, wheeze, chest tightness and dyspnoea 12 foundry workers (including non-whites) had asthma.-
